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Abstract
The objective of this work is to develop a virtual detection tool of radioactive sources, such as to facilitate and assist the training 
and nuclear security planning. To accomplish this tool was created a virtual model of the Nuclear Engineering Institute (IEN)
with virtual characters (avatars), able to move and interact with the environment, radiation detectors (fixed and portable) and 
sources radioactive.A tool developed enabled the simulation where individuals who were carrying radioactive sources were 
identified through the detectors installed at strategic points in the virtual environment. Furthermore, it was possible to detect and 
locate sources for handling portable detectors, operated by the characters within the virtual environment. The results showed a
radiation detection system before the continuous profile radioactive sources, making it possible to evaluate the dose rate at any 
position of the virtual environment. So this work could help in both the security agents training and in the evaluation of the
radiological safety of a nuclear site.
© 2015 The Authors.Published by Elsevier B.V.
Peer-review under responsibility of AHFE Conference.
Keywords:Physical security; Dosimetry; Virtual reality
* Corresponding author.
E-mail address: machado.mol@gmail.com
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of AHFE Conference
1766   Daniel Mól Machado et al. /  Procedia Manufacturing  3 ( 2015 )  1765 – 1771 
1. Introduction
The physical security of nuclear facilities has been a major concern to the International Atomic Energy Agency 
(IAEA). Through reports and rules defined in the Nuclear Security Plan 2010-2013 [3] the IAEA provides guidance 
regarding the control and security of radioactive materials in nuclear sites. In order to meet these recommendations, 
are regularly conducted trainings and simulations with their security teams within nuclear facilities.
Training conducted in core areas may involve risks of radioactive contamination to humans, which may be 
harmful to your health because of somatic and genetic effects produced by ionizing radiation [9, 10]. Thus, it has 
been used as complementary and alternative options to the actual training, computer systems based on Virtual 
Reality, such as the development of CIPRES (Interactive calculations of Radiological Proteccionen un Surrounding 
Simulate) she IBERINCO (IberdrolaIngenieria y Consultoria) and the Polytechnic University Valencia, which was 
planned for the training of operators of nuclear installations for the simulation of fuel reloading operations [7] and 
the Vrdose[8], using virtual environments in order to display the distribution dose rate and provide estimates of 
occupational doses to work scenarios in nuclear facilities.
Some work in the nuclear field have shown tools that can assist with training for operating procedures [4, 6]. 
Examples of tools, we can mention two important contributions to the nuclear area: the CIPRES [7], developed by 
IBERINCO (IberdrolaIngenieria y Consultoria) and the Polytechnic University of Valencia, which allows the 
training of operators of nuclear installations simulating fuel reloading operations; and the Vrdose[8], capable of 
displaying the distribution of the dose rate and provide estimates of occupational doses to work scenarios in nuclear 
facilities.
These virtual computing environments can be developed by game engines (sets of cores), which are tools for the 
production of auxiliary developing games and simulation systems [11]. Using the games core for simulation systems 
opened a new area called serious game. Different studies have demonstrated the applicability of the games colors, 
including emergencies training [12, 13, 14, 15,16]. In the nuclear area, Virtual Reality has been mainly used in 
simulation operations in facilities with radiation levels above the natural patterns [6, 7].
From what has been described, this work proposes the creation and implementation of a computer system of 
virtual dosimetry, which is based on Virtual Reality technology, using the game engeni Unity 3D. The purpose of 
this system is to conduct trainings and simulations using virtual detectors of radiation, portable and mobile, in order 
to contribute to the physical security and control of this nuclear site.
1.1. Dosimetry
The term dosimetry to determine the rate of exposure (dose rate) at a point radiation or medium.[10].
The standards establish acceptable limits dosimetry radiation dose to the environment and living things. 
According to the ALARA principle (As Low As Reasonably Achievable), exposure to radiation should occur only 
when it is really necessary, and should be as low as reasonably practicable, thus ensuring compliance with the safe 
limits exposure, avoiding a harmful dose to the individual.
1.2. Radiation detectors
Radiation detectors can be defined as artifacts through which it is possible to identify the presence of radiation in 
the environment, measuring its intensity and energy, which makes possible the detection and localization of 
radioactive sources. These devices can be found in various configurations - both in fixed and mobile formats.
To conduct this study was modeled and reproduced virtually detector as the Hospital Waste Monitor MRH 7029 
together with Cintilométrica probe SCT 7026.
1.3. Virtual reality and game engines
Recently, Virtual Reality, also known as VR, can be considered a huge potential technology and applicability in 
diverse areas of human knowledge, being able to use it since training, simulations and virtual experimentation. 
Every day we can find many uses for this tool immersive [1, 2].
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The VR enables the integration of three basic ideas: involvement, immersion and interactivity. The involvement 
may be seen as the degree of motivation of the user with the activity performed, the immersion is associated with 
perception, feeling of being present in the environment and the interaction of the user with the ability to manipulate 
virtual objects [2,7].
The set of technologies, techniques and interface modes that enable the sensitive integration of a computer 
system, user, and immersion in a virtual environment can be called Virtual Reality [7].
The Game engines consist of programs for the production of electronic games. To this end, these programs 
centralize several libraries and functions needed to develop, making it easier for the programmer to have quick 
access to the tools necessary for the creation of games and graphics applications. Some of the features found in 
engines game are, for example, game engine, rendering graphics in two and three dimensions, physics engine, 
collision detection, support for artificial intelligence and programming languages, etc.
1.4. Autodesk 3ds Max
It consists of a proprietary tool of great acceptance in the current market computer graphics and high 
compatibility with other existing software three-dimensional modeling. Has as strong features a powerful modeling 
and texturing using vector maps, creation of parametric objects, consolidation of layers and textures, control tools 
and character animation, particle flow system, lighting systems, flexible forms of rendering and interface 
configurable user
1.5. Unity 3D
The Unity 3D game engine is designed to create content and games in two and three dimensions. He is a 
multiplatform tool and programming multilingual (supports C #, JavaScript, and Boo) [17, 18], with friendly 
interface and fast learning curve. Has extensive documentation and active community, which facilitates learning. 
Can be obtained in free and paid versions.
By default, this tool incorporates several assistive software for the development of 3D content, such as libraries 
for the physical insertion to the environments, lighting and interactive audio. Thus, we can consider the Unity 3D as 
necessary functions to create games centralized, making the programmer can develop their applications without 
worrying about compatibility between different tools.
2. Methodology
A virtual model of the Nuclear Engineering Institute (IEN) , was developed located on the Island of Fundão - Rio 
de Janeiro - Brazil. From topographical pictures, and face measurements of existing buildings in this nuclear facility, 
measured the distances, sizes and proportions of the scenario to be used in the creation of three-dimensional models 
(Fig 1) through the Autodesk 3ds Max tool (2013 version) . The measures and proportions of the buildings were 
reliable modeling to provide a better user immersion in the simulations.
The modeling of the radiation detector was made from real sensors. To this end, the photo detector and 
measurements were made to determine their dimensions and proportions. Was used as the model of Hospital Waste 
Monitor MRH 7029 together with Cintilométrica probe SCT 7026. From this information, it was created virtual 
models of these devices, enabling an easy visual identification by system users.
To represent the radioactive sources used are symbolic markers in the virtual environment, since no actual 
sources have a certain visual identification. The markers chosen in this work consist of colored cubes positioned at 
different points of the scene.
In addition to the fixed radiation detectors were built laptops, needed to meet the purpose of this system. The 
primary visual characteristics were maintained to provide the identification of a possible virtual detectors and 
handling, similar to what happens in practice with this apparatus.
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Fig. 1.Modeling of building of the IEN in Autodesk 3ds Max.
Through Unity 3D created the virtual environment in which the simulations were performed. In this environment 
was virtually simulated the Nuclear Engineering Institute (IEN) and characters (avatars) to interact with the 
environment. There was the import of objects modeled in Autodesk 3ds Max, the programming of radioactive 
sources and the operation of virtual dosimeters (fixed and portable).
Based on the developed virtual environment, with scenarios similar to real nuclear facility, equipped with the 
modeled dosimeters, programmed and positioned in virtual avatars and interacting with the environment scenario, 
virtual dosimetry simulations were performed. Radioactive sources were scattered several places within the virtual 
environment, enabling the avatar provided with a portable dosimeter, had the ability to locate these sources and 
determine their intensity. Were also carried out simulations where the avatar moved up the virtual environment 
carrying with a radioactive source, so it was possible to verify the operation of fixed dosimeters, which identifies the 
increase in radioactivity in its vicinity.
Equations and formulae should be typed in Mathtype, and numbered consecutively with Arabic numerals in 
parentheses on the right hand side of the page (if referred to explicitly in the text). They should also be separated 
from the surrounding text by one space.
3. Results
The virtual environment tried to play in a similar way the nuclear site of the IEN, enabling the system user an 
easy visual identification with the actual institute's premises. The virtual scenario developed comply with the 
characteristics of the terrain (terrain features, elevations, etc. vegetation), arrangement and proportion of existing 
buildings, making them very similar real. The following images presented demonstrate the similarity between real 
and virtual (Fig. 2) provided by this work.
3.1. Mobile dosimeter
Is part of the virtual environment three-dimensional model of the portable dosimeter developed in Autodesk 3ds 
Max tool. Associated directly to the avatar in first person, the dosimeter remains constantly visible during the 
movements made by this avatar. Thus, the dose rate needs to be adjusted dynamically according to the variation of 
the distance between the character and the radioactive source. The configuration of the dosimeter was performed 
according to the calculated exposure rate (rate inversely proportional to the square of the distance). Fig 4 shows the 
virtual environment from this view, showing dose rates, according to the location of the avatar in the environment.
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Fig 2. IEN shaped in the Unity 3D.
Fig 3.IEN picture taken from Google Earth.
Fig.4.Mobile dosimeter.
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Fig.5.Fixed dosimeter.
3.2. Fixed dosimeter
Also modeled in Autodesk 3ds Max tool, the fixed virtual dosimeter was positioned at strategic points of the 
virtual nuclear site, key sites for transit, entry and exit of people and vehicles, for example, the installation 
ordinances. This type of dosimeter is not repositioned on the environment, then the change in dose rate occurs in 
accordance with the displacement of the radioactive sources when carried by avatars in the virtual environment.
Fig 5 shows the positioning of a fixed dosimeter in the main entrance of the IEN. 
4. Conclusions
This paper proposes checking the feasibility of using a game engine for creating a virtual environment, shaped 
just like a nuclear site, to serve as an auxiliary tool for studies and training related to dosimetry, recurrent procedure 
in physical security activities of nuclear facilities.
From the results obtained in the three-dimensional modeling of radiation detectors and nuclear installation 
concludes that the use of virtual reality tools such as 3ds Max and Unity 3D, you can answer satisfactorily the 
construction of environments for the training and simulations detection of radioactive sources, providing the 
computational model built satisfactory degree of realism by having your virtual physical structure compared to the 
real environment.
The tool produced in this study enabled the simulations for radiation identification in the virtual environment. 
Two types of dosimetry have been implemented: Mobile dosimetry and fixed dosimetry. In mobile dosimetric 
simulations were performed in which the radioactive sources were still positioned on the ground or dropped, 
allowing the avatar using a portable dosimeter is displaced by the environment for these sources. In the fixed 
dosimetry, the dosimeter was fixed in the main entry and exit point of the nuclear site, and were performed 
simulations in which the radioactive sources were in motion, carried by an avatar. Fixed dosimetry simulations 
reproduced attempts to undue taken from radioactive sources within the facility
According to the results obtained in the simulations, the developed system may in the future help in the physical 
security of nuclear facilities planning with respect to dosimetry activities, as it will allow viewing and organizing 
strategies, conducting trainings and simulations protection and make it possible to assess strategic points for the 
implementation of new detectors.
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